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摘  要 
I 














仪、液晶可调谐滤光片 LCTF(Liquid crystal tunable filter)的波长标定。 
3. 分析系统各硬件设备的控制要求，基于各设备软件接口进行控制开发。包括光










0.5μm×0.5μm 和宽场成像 0.36μm×0.36μm 的空间分辨，在时域上，结合激发光强

















Raman spectroscopy, as a technique with the advantage of nondestructive, 
non-contact and insensitive to water, is widely applied to various fields. In particular 
Raman microspectroscopy has become a powerful tool for micro-area detection and 
chemical analysis. However, at present Raman scanning imaging speeds of the 
majority of Raman microspectrometers are still not fast enough to satisfy the demand 
of monitoring the dynamic electrochemical reaction. Based on the target and 
requirement of the project “development and application research of in situ 
electrochemical Raman microspectrometers with high spatio-temporal resolution”, 
the construction of a dynamic Raman imaging system with high spatio-temporal 
resolution by means of integrating Raman scanning imaging with wide-field Raman 
imaging was discussed in this thesis. On the basis of high spatial resolution which is 
the feature of Raman microspectrometer, the detection of dynamic Raman signal 
could be achieved by further improving the temporal resolution of imaging system. 
The main work of this thesis includes: 
1. The function requirements of dynamic Raman imaging system are analyzed and 
the optical path of the whole system is designed including the excitation, Raman 
scanning imaging and wide-field imaging light paths. And based on the demand 
of system electric control, the mechanical structure design of the motor-driven 
moving parts is achieved.  
2. After the detail design of the system light path, the construction and adjustments 
of each optical module is accomplished to realize the efficient excitation and 
signal collection. With the built optical system the calibrations are carried out 
including the calibration of relevant coordinate systems as well as the wavelength 
calibration of spectrometer and LCTF (Liquid crystal tunable filter). 
3. The controls of all the hardware are developed by using respective software 
interface based on the control requirements. The hardware which need control in 
the system contain motor-driven optical parts, moving platform, spectrometer, 















4. The software architecture of the imaging system is analyzed and designed. 
Ultimately the image system software control with the integration of software 
and hardware consists of the union control of relevant hardware, the sequential 
control for system functions, the specification of system data file formats and the 
design of the human-computer interface.  
5. The functions of the constructed optical and software system are tested and the 
performances including the sensitivity and resolution of the system are tested as 
well. Moreover, the system is applied to practical experiments. 
The main innovation of this thesis lies in the technique integration of Raman 
scanning imaging and wide-field Raman imaging. The ultimate detection efficiency 
of each functional module is realized through the optimized optical path as well as 
the collaborative control of hardware and software. In this way, the imaging system 
not only fulfills the demand of steady-state Raman scanning imaging with high 
sensitivity, but also is available for electrochemical steady-state as well as dynamic 
wide-field Raman imaging. Currently, the imaging system achieves the spatial 
resolution of 0.5μm×0.5μm for scanning imaging and 0.36μm×0.36μm for 
wide-field imaging in the case of 100× objective. In terms of temporal resolution 
the wide-field imaging could realize about 50 fps considering the laser power and 
intensity of Raman scattering.  
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第一章 绪 论 
1.1 拉曼成像技术及其应用 
1.1.1 拉曼成像技术简介 









































使光斑沿着 X 轴或者 Y 轴方向以直线的形式聚集在样品表面，该线对应的光谱
信号将通过光谱仪的入射狭缝经过光栅沿垂直于入射狭缝的方向展开成像于光





片，通常为可调谐液晶滤光片 LCTF(Liquid crystal tunable filter)[14, 15, 16]，经过
LCTF 选择通过的信号的波长实现单波长成像，声光可调谐滤光器






































和性能进行研究分析[27, 28]。例如利用正切拉伸 G 模的线型和位置来分辨金属性
和半导体性单壁纳米管[29]。 



































图 1.1 Renishaw-inVia 显微拉曼光谱仪 






图 1.2 Nanophoton Raman-11 成像系统 
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